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SUMMARY 

T h i s  study w a s  conducted i n  the  G D / A  i a c t o r y .  E ;sp~~r i rn4 . . i1 t s  w ; e r ~  pt- r - -  
furrnc.d to document  the effect  of va r ious  t e m p c r a t u r c  \ ' a l * i d t i  

ti1.c humid i t i e s  upon c o m m e r c i a l l y  available. piJttirig ~ C J I I 1 ! ) 0 1 1 1 ~ ~ ( . i ~  

po lyu re thane  compounds ;  Coas t  P r o s e a l  7 7 7 ,  P r o d u c t s  K(:se;.iri.!! I > € < -  1338, 
Chem Seal CS-3501, and  on? polysulfide, ChLirc t i i l l  3C;-737 Lvt'rt: i . i s t , c :  T , ,  

c u:iciu c t the  rxpe  r i m  e n  t s . 

& i ~ : t l  r(,l:i- 
T!irr.(. 

T h r c c  environmeri ta l  c u r e s  w e r e  s e l e c t r c i .  These c i i r <  s r ~ ~ i ~ r c . ~ t ~ ~ . t t  :, 

loc.al summer  and w i n t e r  wea the r  conditic,:,s i n  t h c .  Sari L ) i b , g u  < ~ : - t . a ,  

m aniliac tu r e r s ' r e c o m m  ended ambi  en t c x r i  vi r o nm e :it . ' l 'h e S J J t ,  <'  irn L t ~ 5  i c  i' r 
per iod ica l ly  checked  to dett :rmine t h e  tAfic,ct of t imc LlpQil t h e  I)l>ttitig L G X  

po1,irids. 
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I-:- 

. . .  

The e x p e r i m e n t s  to which  the fou r  pvttrng conipuundb w e r e  subjected 
a r e  l i s t ed  i n  the following p a r a g r a p h s .  

1. 2 .  1 ENVIRONMENTAL. Flat spec . imens  a n d  put ted compounds  
Si:e Figlire 1 - 1  w e r e  c u r e d  i n  t h r e e  d i f f e ren t  con t ro l l ed  e n v i r o n n i e i i t s .  

The r-lernt.nt of t i m e  w a s  c h e c k e d  by r e m o v l n g  the pot ted  c o n n e c t o r s  
f rom tt ie  c ~ t n t r o l t ~ ~ d  enL:rr)Iiments a t  t he  end  of 2 4 - ,  48-, and  96  h o u r s  for  
t e s t i n g .  t h e  ( onncc tors w'ere t h e n  b i s e c t e d  tor  a visudl  t~x~ in i ! . a :L .~ :~  Tl1.t 
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h a r d n e s s  o r  d e g r e e  of c u r e  of the f l a t  s p e c i m e n s  was  m e a s u r e d  a t  the end 
. of 2 4 - ,  4 8 - ,  9 6 - ,  and  168 h o u r s .  

1 . 2 .  2 MECHANICAL CHARACTERISTICS. The m e c h a n i c a l  c h a r a c t e r -  
i s t i c s  of the  pot t ing compounds  w e r e  checked  by obta in ing  v i s c o m e t e r ,  d u r o -  
m e t e r ,  and  p u l l - t e s t  m e a s u r e m e n t s  on the p r e p a r e d  specimens.  T h e s e  r e -  
s u l t s  w e r e  tabula ted  and  g r a p h s  p r e p a r e d .  
F i g u r e s  1 - 2  through 1-5 .  

S e e  T a b l e s  A - 1 ,  - 4 - 2 ,  A - 3 ,  and  

7 . ~ _. .:- 
Chur  ch i l l  3 C - 7 3  7 

P r o d u c t s  Re s e a r c h  
1538 

Chem Seal 3501 

Coast Prosea l  
777 

Figure 1 - 1. Potting Compounds  , 
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Hardness Vs Cure  T i m e  - Low T e m p e r a t u r e  and  
High Humidity Cure Cycle ( 55°F/90%~) 
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Figure 1-4.  Hardness Vs Cure  Time - A m b i e n t  Ctire Cycle 
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1. 2.  3 E L E C T R I C A L  CHARACTERISTICS. T h e  e l e c t r i c a l  c h a r a c t e r i s -  
t i c s  w e r e  m e a s u r e d  on a l l  connec to r s  to d e t e r m i n e  the  e f fec ts  of the  d i f f e ren t  
c u r i n g  e n v i r o n m e n t s  arid c u r i n g  t imes  on the insu la t ion  r e s i s t a n c e s .  The  r e -  
s u l t s  w e r e  tabula ted  and  g r a p h s  p r e p a r e d .  
F i g u r e s  1 -6  through 1 - 1 2 .  

S e e  T a b l e s  A - 4 ,  A-5 ,  A - 6  and  

1 .  2 .  4 PHYSICAL CHARACTERISTICS. T h e  phys ica i  c h a r a c t e r i s t i c s  
of the  pot ted  c o n n e c t o r s  w e r e  based  upon v isua l  o b s e r v a t i o n s  of the b i s e c t e d  
c o n n e c t o r s .  Var ious  u n d e s i r a b l e  c h a r a c t e r l s t i c s  such  as  bubbles ,  vo ids ,  
a n d  l ack  of adhes ion  to w i r e s ,  i n s e r t s ,  and  s h e l l s  w e r e  r a t e d  by  an  a r b i -  
t r a r y  g rad ing  s y s t e m .  T h i s  p e r m i t t e d  the  r e c o r d i n g  of r e l a t i v e  changes  in  
v a r i o u s  c u r e  e n v i r o n m e n t s  and  t i m e s ,  and  a l so  p e r m i t t e d  the ranking  of the  
f o u r  compounds .  S e e  T a b l e s  A - 7  through A-10.  

1 . 2 .  5 HEAT-CYCLE TESTING. A h e a t - c y c l e  t e s t  w a s  given to o n e -  
half of the  s p e c i m e n s  to d e t e r m i n e  the  ab i l i t y  of the  compounds  tu wi ths t and  
h igh ,  s u s t a i n e d  h e a t s .  
and  s e r v e d  as  con t ro l  s p e c i m e n s .  

The  o the r  half of the s p e c i m e n s  w e r e  not h e a t - c y c l e d  

1. 3 T E S T  OBJECTIVES 

1. 3 .  1 POTTING COMPOUND EVALUATION. T h e  objec t ive  of the  t e s t  
w a s  to eva lua te  s o m e  typica l  potting cornpounds f o r :  

a .  Mechan ica l  c h a r a c t e r i s t i c s  such  as  adhes ion  and  d e g r e e  of h a r d -  
nes s  u n d e r  v a r i o u s  condi t ions o i  t e m p e r a t u r e ,  humidi ty ,  and  t i m e  
E l e c t r i c a l  c h a r a c t e r i s t i c s  of po t ted  c o n n e c t o r s  unde r  v a r i o u s  
condi t ions of t e m p e r a t u r e ,  humid i ty ,  arid t ime 
P h y s i c a l  c h a r a c t e r i s t i c s  of pot ted ConnectcJrs utlcier va r ious  condi -  
t ions  of t e m p e r a t u r e ,  humidi ty ,  a n d  t i m e .  

b.  

C .  

1 .  3 .  2 ENVIRONMENTAL CURES S E L E C T E D .  T h r e e  env i ronmen ta l  
c u r e s  w e r e  s e l e c t e d .  These  c u r e s  r e p r e s e n t e d  the p reva i l i ng  e x t r e m e s  of 
l o c a l  S u m m e r  a n d  w i n t e r  wea the r  condi t ions  i n  the  Sari Diego a r e a ,  a n d  the  
m a n u  f a c tu r e r s ' r e c u mm e n  de d a m  b i e n t e n v i r o n m e 11 t . S p e c 1 m e 11 s we  r e 
c h e c k e d  a t  i n t e r v a l s  to d e t e r m i n e  the e f fec t  of t i m e .  

1. 4 CONCT ,uSLONS 

1. 4 .  1 CURE ENVIRONMENT RATINGS. When thc t h r e e  c u r e  c n v i r o n -  
m e n t s  w e r e  r a t e d  f o r  mechan ica l ,  e l e c t r i c a l ,  a n d  phys ica l  c h a r a c t e r i s t i c s  the 
h i g h e s t  o v e r - a l l  r a t ing  w a s  found in  the  90°F/10%RH c u r e .  
o v e r - a l l  r a t ing  w a s  found in  the 55°F/90%RH c u r e .  

The  Lowest 

1 - 7  
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F i g u r e  1-6.  Ninety-Six Hour Insulation R e s i s t a n c e  M e a s u r e m e n t s  
Grouped  by Cure - Low T e m p e r a t u r e  a n d H i g h  Humidi ty  
(550F/9O%RH) 
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F i g u r e  1 - 7 .  Ninety-Six Hour  Insulat ion R e s i s t a n c e  G r o u p e d  by C u r e  Cyc le -  
Ambient  Cure  (72°F/557~RH) 
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F i g u r e  1-8.  Ninety-Six H(>ur  Insu la t ion  R e s i s t a n c e  M e a s u r e m e r i t s  Grouped b y  

0 C u r e  Cycle-High  Temperature and Low Humidi ty  (9OoF/20%RH) 
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1-j 
Figure 1 - 9 .  Ninety-Six Hour Insulation Resistance Measurements - 

Products Research PR-  1 5 3 8  

_. - 

Figure 1-10, Ninety-Six Hour Resistance Measurements - Chem Seal CS-3501 
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F i g u r e  1 - 11. Nine ty-SixHour  Insu la t ion  R e s i s t a n c e  M e a s u r e m e n t s  - 

C o a s t  P r o s e a l  777  

1 - 1 2  



.. , 

F i g u r e  1 - 1 2 .  Ninety-Six Hour Insu la t ion  R e s i s t a n c e  M e a s u r e m e n t s  - 
Churchi l l  3 C - 7 3 7  
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1 . 4 . 2  CURE TIME CHARACTEFUSTICS. T h e  l o n g e r  the c u r e  t i m e  the  
h i g h e r  w e r e  the  v a r i o u s  c h a r a c t e r i s t i c s  r a t e d .  Twenty- four  a n d  f o r t y - e i g h t  
hour  s a m p l e s  w e r e  e l e c t r i c a l l y  unstable  a n d  no t r e n d s  C C J U ~ ~  bt. found. S h o r e  
A h a r d n e s s  of 30 is c o n s i d e r e d  min imum for handling c o n n e c t o r s ;  only two 
s a m p l e s  i n  the90OF c u r e  (PR-1538  and 3 6 - 7 3 7 )  had  r e a c h e d  th i s  l eve l  in 
2 4  h o u r s .  . I n  48 h o u r s  a l l  t h r e e  of the Churchi l l  3C-737 s a m p l e s  had  ex- 
ceeded  th i s  l eve l  but none of the o the r  po lyure thanes  had. 
riot ve r i fy  the  vendors '  c l a i m s  of ambien t  c u r c s  within 2 4  h o u r s .  T h e  l o n g e r  
c u r e  t i m e s  ind ica t ed  the  h e s t  c h a r a c t e r i s t i c s  in the  90°F c u r e  a n d  the p o o r -  
e s t  i n  the  55OF c u r e .  
in  d i r e c t  r e l a t i o n s h i p  to the c u r e  cycle  ( i .  e . ,  the h i g h e r  the t e m p e r a t u r e  
c u r e ,  t he  h i g h e r  the  h a r d n e s s  r ead ings ) .  T h e  polysiilfide cgmpound w a s  
ful ly  s t a b l e  by  96 h o u r s  with l i t t l e  r e l a t ionsh ip  to  the  o t h e r '  condi t ions of 
c u r e .  

The f i n d i n g s  did 

T h e  polyurethanes tended  to  s t ab i l i ze  w i t h  t i m e  and  

1.  4. 3 MECIIANICAL CHARACTERISTICS. Visc.osity and  pet71 s t r e n g t h  
m e a s u r e m e n t s  w e r e  of l i t t l e  value for t h i s  s tudy becdUSe t h e r e  uiis l i t t l e  
c o r r e l a t i o n  be tween t h e s e  m e a s u r e m e n t s  and  the r e s u l t s  u t  t he  o t h e r  t e s t s .  

1 .  4 .  4 E L E C T R I C A L  CHARACTERISTICS. The  appl icat ion of pottii3g 
compounds  to connec to r s  l owered  the insulat ion resistant e as  mtzasured 
be tween  p i n s - t o - c a s e ,  and  pin-to-pin.  the  p i n - t o - c a s e  m ~ a ~ , u r e m e n t  d r o p -  
ping the  m o s t  ( 5 4  p e r c e n t ) .  T h e  90°F c u r e  cyc le  showed the l e a s t  IR loss  
a n d  the  55OF c u r e  c y c l e  ind ica t ed  the m o s t .  

@ 

Cons ide r ing  c u r e  t i m e  the 96-hour  c u r e  \\'as t h e  most consi  sttlnt w . i t h  
all of the  s p e c i m e n s  showing SOme 1R loss. 
showed l i t t l e  c o n s i s t e n c y .  
t he  connec to r s  showed l o s s ,  56 p e r c e n t  showed gain.  I n  t h c .  4H-liour s p e c i -  
m e n s  85  p e r c e n t  of the coi i i iectors  showed l o s s  and  15 p e r c e n t  a h o w t ' d  ga in .  
T h i s  i n d i c a t r s  t ha t  the length of t ime in  the c u r e  c y c l e  is  irnpcjrtailt f o r  IR 
s tabi  t i  t y  . 

T h e  2 4 -  and 48-hoi i r  s p e c i m e n s  
In the 2-1-hour p e r i o d  speci incxns,  -1-1 p v r c c n t  of 

1 .  4.  5 PHYSICAL CHARACTERISTICS. Adhesion of potting compounds  
to e l e c t r i c a l  w i r e s ,  s h e l l s ,  arid i n s e r t s  of the  c o n n e c t o r s  tendcd to be b e t t e r  
in the 55OF c u r e .  However ,  adhesion to w i r e s ,  s h e l l ,  d n d  i n s e r t  all d e -  
c r e a s e d  with t i tne .  
OOOF c u r e .  

Roughness  and  voids decreased with c u r e  t i m e  and  the  

1.  4 .  6 COMPARISON O F  COMPOUNDS. P r o d u c t s  R e s e a r c h  P R -  1538 
(a p o l y u r e t h a n e )  cons i s t en t ly  ou t r a t ed  a l l  o t h e r  compounds  in all c h a r a c t e r -  
i s t i c s  m e a s u r e d ,  e x c e p t  in adhesion to  she l l  o r  i n s e r t .  . . .  

C h e m  Sval CS-3501 ( a  polyurethdne)  r a t e d  c o n s i s t e n t l y  below P R -  1538, 
but  above  a l l  o t h e r  compounds  t e s t ed .  CS-3501 had  a n  aff ini ty  f o r  m o i s t u r e  
in  the  a i r  and  indicated b u b b l e s  i n  the 55°F/900/RH c u r e  b e c a u s e  o i  the  f o r -  
m a t i o n  o f  c a r b o n  dioxide.  T h e  t r a n s p a r e n c y  of the compound p e r m i t t e d  an 
e a s i e r  Inspec t ion  and  w a s  a d is t inc t  advantage  in r a t i n g  the  c o n n e c t o r s .  

0 
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C o a s t  P r o s e a l  777 ( a  polyure thane)  r a t e d  the  lowrest of a l l  01 the poly-  
u r e t h a n e s  i n  a l l  c h a r a c t e r i s t i c s  m e a s u r e d ,  except  ctr lhrs :on to uirt’ and  i n -  
s e r t .  
fo r  a m b i e n t  a n d  luw t e m p e r a t u r e  c u r e s .  
m a d e  f o r  24  h o u r s ,  and  a redding of 4 i n  the 90  F curt2 uds  obtdined ctt 
48 h o u r s .  

The  d u r o m e t e r  r ead ings  indicated C o a s t  ProstAal 777 to b e  unsuitablt‘  
N o  t lurumt- ter  r cad ing  cou id  be 

0 

Church i l l  3C-7.37 ( a  polysulf ide)  r a t e d  the lowes t  CJf all the  co~npo~inds 
in  e v e r y  c a t e g o r y  t e s t ed .  
compound.  
di d no t r a d  i c a l ly  c h a ng e i t s c‘ 1 e c t r i c a1 c ha r ac  t c: r i s ti c s . 
t ion w a s  ten t i m e s  tha t  of PR-1538. 
shop  producib i l i ty .  
p r i m i n g  ope ra t ion .  
not n e c e s s a r y .  
c u r e  c y c l e s .  H o w e v e r ,  it should be used only. w h e r e  1R t o s s  will  not adv t : r s ( - -  
l y  a f f ec t  the  c i r c u i t  l oads  and  design p a r a m e t e r s .  

1 .  5 SHOP PRODUCIBILITY EVALUATION 

T h e  cur ing  c,nvironmcnt had l i t t le  effect o n  tht: 
Heat cyc l ing  caused  a phys ica l  dcg rada t lon  0 1  the  cornpaund,  ~ I U ! .  

E 1 e c t r i <. a 1 de  g r a da - 
Tlie cornpound had c.c.rtain m e r i t s  for  

I t  w a s  the o n l y  compound t e s t e d  t h a t  d i d  t?ot r e q u i r e  d 
Specia l  stDrage i a c i l i t i e s  f o r  h a n d l i n ~  the conlpoaI!d a r r  

Cur ing  w a s  rap id  and w ’ a s  not grvat ly .  a f1 t :c t r t l  b y  thrs \ ,a i - lous 

1. 5. 1 POTTING COMPOUNDS. F r o m  a shop -producibi l i ty  stariupoi1:t 
t he  v a r i o u s  a m b i e n t  c u r e s  of polyurethane potting compeunds l eave  m u c l i  to 
b e  d e s i r e d  and  c a n  be cons ide red  unsa t i s f ac to ry  f o r  cons i s t en t  product ion  
output .  A f t e r  24 h o u r s  only P r o d u c t s  R e s e a r c h  P R -  1538 was above a Short’  
A H a r d n e s s  of 30 in  the  90°F cur:: cyc le .  F rom a sea l ing  s tandpoint  C o a s t  
P r o s e a l  777 w a s  s l igh t ly  s u p e r i o r  to P r o d u c t s  R e s e a r c h  PR-  1538 i n  a d h e -  
s ion  to w i r e s ,  a n d  s l igh t ly  s u p e r i o r  to Cheni Sea l  CS-3501 i n  a d h e s i o n  to 
i n s e r t .  C o a s t  P r o s e a l  777 was the  p o o r e s t  o i  al l  compoiiinds in  a d h t s i o n  to 
c o n n e c t o r  she l l .  T h e  opaque na tu re  of C o a s t  P r o s e a l  7 7 7  made [hi e\*al:ia- 
t ion of vo ids  a l m o s t  impossiblc: .  

1 .  5 .  2 ADDITIOXAL TESTING A N D  RESEARCII .  F u r .  d :nort’ ( d n : ! i  + ( .  

t ’ \ ‘ a l U d L 1 ~ 3 1 1  O f  the  t*ifcct  O f  ambient  C u r e s ,  t rh tS  5l:uuld \ ) t  < iJl!dUc:t’d r l !  e’ I - 

r o n m e n t s  of 55OF a n d  20  pe rcen t  RH (low t e m p e r a t u r e  - lo\\ ! i i i r x i c i i t \ j  .I.’C 

9O0F arid 90  p e r c  ttnt RII (high t e m p e r a t u r e  - high hurr:dil;,) 
the  r e t  a t ion  sh ip  be tween  t empe  rat u r e  arid humidi ty  . 

l h i ~  ~ 1 ~ : i l c l  : t  3’  

.Also. r e s e d r c h  should be dune  on the r t . lnt iors t i ip  btAtwcJen i b L o 3 i + \  

mcAaairlrernent, the s l u m p  and  flov. c h a r a c t e r i s t i c s ,  a n d  tht wcl t t ing  p o ~ i  t r . 
s e a t i n g  compounds .  A low v iscos i ty  readi:ig is usdl ty  r (  ya rded  a s  ;1 I T C > ~ ~ * S -  

s a r \  c h a r a c t e r i s t l c  of a sea l ing  cornpawid t o  s e a t  I ~ ) t i n c , (  t o r 2  with d < , i d 3 t ,  \ $ I  1.i 

bun(i1t.s. T h i s  S <  r i e s  of e x p e r i m e n t s  i nd ica t ed  tha t  low xJiScoSitv mdv I 5 1  

a n e c e s s a r y  r e q u i r e m e n t .  The compound h a \ i n g  the high(3st viscosi tx  \ P I \  
1 5 3 8 )  a150 had t h e  l i lghest  flow c l i a r a c t e r i s t i c s  a n d  wet t ing powtdr. 

1 .  5 .  3 HEAT CYCLING. T h e  e f f e c t  of h e a t  c y c l i n g  ’.vas difiic:iit to (:-, ;%; - 
T h e  IR m e a s u r e m e n t s  taken du r ing  the  t e s t  showred a s ign i f icant  a < % t > r -  u a t e .  

age d e c r e a s e  i n  the  o r d e r  of 1 to 2 x 10 . 3 T h e  lowes t  reading  obtaincc! 
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was 2.9 m e g o h m s  ( C o a s t  P r o s e a l  777 c u r e d  f o r  24 h o u r s  a t  55°F/90%RH, 
and  the h ighes t  reading  w a s  150 m e g o h m s  ( P R - 1 5 3 8  c u r e d  for 24 h o u r s  a t  
70°F).  
ing during the h e a t  cyc le ,  the compounds  ranked  as fo l lows :  

When the compounds  a r e  ranked  accord ing  to the a v e r a g e  IR r e a d -  
- 

a. Churchi l l  3C-737, 20 m e g o h m s  
b. P r o d u c t s  R e s e a r c h  PR-1538, 17 m e g o h m s  
c .  Chem Seal  CS-3501, 15.6 megohms  
d. C o a s t  P r o s e a l  7 7 7 , 9 . 3  m e g o h m s .  

The  s i d e  effect  of the hea t  cyc le  s e e m e d  to puff the Churchi l l  3C-737 
and  to c u r e  the C o a s t  P r o s e a l  777. 
n e a r l y  a l l  of the IR l o s s .  
In  view of the low IR m e a s u r e m e n t s  during the h e a t  cyc le ,  s o m e  thought 
should be given by e l e c t r i c a l  d e s i g n e r s  to the appl ica t ion  of pott ing c o m -  
pounds to connec to r s  i n  zones  w h e r e  high t e m p e r a t u r e s  will  be exper ienced .  

Upon cooling the connec to r s  r e c o v e r e d  
The  type of cu re  had  l i t t l e  e f f ec t  on the IR loss .  

1-16 
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SECTION I1 

T E S T  MATERIALS AND TEST PROCEDURE 

2 . 1  TEST MATERIALS 

2 .  1.  1 POTTING COMPOUNDS. T h e  t h r e e  polyure thanc  potting cum-  
pounds u s e d  in  th i s  s tudy w e r e  vendor-suppl ied .  
m i x e d  a n d  f r o z e n  in  s ix -ounce  tubes.  B e c a u s e  of the i n t e r e s t  g e n e r a t e d  in 
polysulf ide compounds ,  the  c o m m e r c i a l l y  ava i l ab le  Church i l l  3C-  737 w a s  
added  to the s tudy.  T h i s  compound w a s  p r o c u r e d  f r o m  the  supp l i e r  in  two- 
ounce  tubes .  

T h e  s p e c i m e n s  w e r e  p r e -  

2.  1 .  2 E L E C T R I C A L  CONNECTORS. Typ ica l  product ion  e l e c t r i c a l  
c o n n e c t o r s  w e r e  u s e d .  T h e s e  w e r e  Bendix  GP3206E-20-  1CP. 

2. 1 . 3  E L E C T R I C A L  W I R I N G .  T h e  wi r ing  u s e d  w a s  LO gauge  M I L -  
W-5086A, Type  11, Nylon coated.  

2 .  1.4 PEEL SPECIMENS.  T h e  pee l  s p e c i m e n s  w e r e  m a d e  of s t a n d a r d  
a l u m i n u m  s h e e t  s tock ,  4 i nches  wide,  1 2  i nches  long, and 0.035 inch thick.  
S t a i n l e s s  s t e e l  m e s h  w a s  u s e d  a s  the  pul l  m a t e r i a l .  

2 . 2  TEST PROCEDURE 

2. 2 .  1 PREPARATION OF SPECIMENS. The  e l e c t r i c a l  c o n n e c t o r s  had  
two foot l eng ths  of w i r e  so lde red  to the ou t s ide  row of p i n s .  The  asscmbl) 
w o r k  w a s  c o m p l e t e d  by GD/A per sonne l  i n  the f a c t o r y .  
w e r e  c l e a n e d  by s t a n d a r d  shop p r o c e d u r e s  and  then sen t  tu d G D / A  I r i l l i ~ r r . i  - 
t o r y  f o r  number ing  and  ident i f icat ion.  
w e r e  m a d e  on a l l  c o n n e c t o r s .  
l a b o r a t o r y  notebooks.  
s h o p  a r e a  and  p r e p a r e d  f o r  pott ing. 

1 tit, Lonnt’ctors 

Ins t a l l a t ion  r e s i s t a n c e  r i ieasur r rn i ’n ts  
Thc. r ead ings  w e r e  r e c o r d e d  1x1 clnginc- t r  ’1 7 7 

T h e  connec to r s  w e r e  then  r e t u r n e d  to t h e  electrLc 

The  c o n n e c t o r s  and  pee l  t e s t  i t e m s  w e r e  p r i m e d  a s  fol lows:  17 con-  
n e c t o r s  a n d  one  pee l  t e s t  i t e m  w e r e  p r i m e d  with P r o d u c t s  R e s c d r c h  PPR-tl 1 
18 c o n n e c t o r s  a n d  o n e  pee l  t e s t  i t e m  w e r e  p r i m e d  with Chtim S e a l  9 9 2 0 - S ,  
17 c o n n e c t o r s  a n d  one  pee l  t e s t  i t e m  w e r e  p r i m e d  wi th  Coas t  Prosea!  7 7 7 P .  
a n d  17 c o n n e c t o r s  a n d  o n e  pee l  t e s t  i tern w e r e  le f t  unpr i rned  for  Churct i i i l  
3 c - 7 3 7 .  

T h e  po lyure thane  potting compounds had  been  r e c e i v e d  f r o m  the v e i > d ( ~ r s  
in 6 ounces t u b e s ,  the compound being p r e m i x e d ,  f r o z e n ,  a n d p a c k a g e d  i n  d r y  
ice. Upon a r r i v a l  a t  the  f ac to ry  t h e  s p e c i m e n s  w e r e  s t o r e d  a t  -30°F for  

2 - 1  
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approx ima te ly  t e n  days in  the e l e c t r i c a l  shop a r e a .  
thawed unde r  con t ro l l ed  condi t ions as r e q u i r e d  by the  m a n u f a c t u r e r s '  
r ecommenda t ion  in  the GD/A M a t e r i a l s  R e s e a r c h  Plastic L a b o r a t o r y .  

The  compounds  w e r e  

Af te r  v i s c o m e t e r  m e a s u r e m e n t s  w e r e  taken ,  the compounds  w e r e  
t r a n s p o r t e d  to  the  e l e c t r i c a l  s h o p  a r e a  and  w e r e  then in j ec t ed  in to  t h r  con-  
n e c t o r s ,  using s t a n d a r d  manufac tur ing  p r o c e d u r e s .  Seventeen  c o n n e c t o r s  
e a c h  w e r e  s e a l e d  with P r o d u c t s  R e s e a r c h  P R -  1538, Churchi l l  3 C - 7 3 7 ,  and  
C o a s t  P r o s e a l  777  while e ighteen connec tors  w e r e  s e a l e d  with C h e m  S e a l  
C S - 3 5 0 1 .  At the  same t i m e  fou r  f l a t  spec imens  w e r e  p r e p a r e d  by in jec t ing  
e a c h  compound into f l a t  d i s k s  ( 1  / 2  inch high by 2 inch diam. ) for d u r o m e t e r  
r e a d i n g s ;  and  pee l  s p e c i m e n s  w e r e  f ab r i ca t ed .  
been  i n t e r m i t t e n t  l igh t  r a i n s ,  the  ins ide  t e m p e r a t u r e  a v e r a g e d  58'F and  the 
r e l a t i v e  titimidity r anged  f r o m  70  to 7 5  p e r c e n t .  

During th i s  t i m e  t h e r e  h a d  

2 .  2 .  2 CURING CYCLES. All e l e c t r i c a l  c o n n e c t o r s  and  t e s t  s p e c i m e n s  
w e r e  t r a n s p o r t e d  to the GD/A Reliabil i ty L a b o r a t o r y  w h e r e  the s p e c i m e n s  
w e r e  p l a c e d  in  con t ro l l ed  envi ronments  as  follows: 

a .  

b.  

F i v e  c o n n e c t o r s  and  one  f l a t  spec imen of e a c h  compound in a humid-  
it)- c h a m b e r  s e t  a t  55UF/90%RH 
Six c o n n e c t o r s  and  o n e  f la t  apec imen  f u r  e a c h  compound in  a hiimid- 
i ty  c h a m b e r  s e t  a t  9O0F/207oRH 
Six connec to r  and  o n e  f l a t  spec imen  f o r  each  compound w e r e  l e f t  
ou t s ide  the  humidity c h a m b e r s  in  an a i r  condi t ioned a r e a  of the 
l a b o r a t o r y  which was s e t  for  an ambien t  a t m o s p h e r e  o i  70° to 75OF 

c .  0 

a n d  557oRH. 

F o u r  p ~ c l  s p e c i m e n s  w e r e  le f t  in  the ambic.nt a t m o s p h e r e  for tcri d a y s .  

2 .  2.  3 CURE TIMES. T h e  f l a t  specimens w e r e  r e m o v e d  f r o m  the \ ' a n -  
ous c o n t r o l l e d  cnv i ronmen t s  a t  i n t e r v a l s  of 2 4 - ,  4 8 - ,  36- ,  and  168 h o u r s .  
E a c h  w a s  checked  f o r  h a r d n e s s  and  then r e t u r n e d  to the  env i ronmen t s .  The  
i n s t r u m e n t  u s e d  to m e a s u r e  h a r d n e s s  was a S h o r e  A d u r o m e t e r .  

At  t he  end  of 2 4 - ,  48 - ,  and  96 hour s ,  two c o n n e c t o r s  w e r e  rtxmo-ded f r o m  
the  v a r i o u s  envi ronments  and  insulat ion r e s i s t a n c e  r e a d i n g s  w e r e  taken .  One 
of e a c h  p a i r  of c o n n e c t o r s  w a s  subjected to d h e a t  cyc le  f o r  3 0  m i n u t e s  a t  
300OF. 
Af te r  t h e  connec tor  had  cooled  to ambient  t e m p e r a t u r e  the  IR m e a s u r e m e n t  
w a s  a g a i n  r e c o r d e d .  The  c o n n e c t o r s  tha t  w e r e  not h e a t - c y c l e d  w e r e  Esed  
to s e r v e  a s  c o n t r o l s .  

At the end  of the 30 m i n u t e s  a n  1R m e a s u r e m e n t  w a s  r e c o r d e d .  

A t  the  end  of  e a c h  t i m e  p e r i o d  those c o n n e c t o r s  taken f r o m  the enki ron-  
m e n t s  ( a n d  a f t e r  the 300°F h e a t  cyc le)  w e r e  b i sec t ed .  
w e r e  m a d e  a n d  the r e s u l t s  w e r e  r e c o r d e d .  

Visua l  o b s r r v a t i o n s  

2 - 2  
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Excel len t  

2 . 2 . 4  INSULATION RESISTANCE MEASUREMENTS. All  connec to r s  
had t h e i r  insulat ion r e s i s t a n c e  (IR) m e a s u r e d  f r o m  pin- to-p in  and  from pin-  
t o - c a s e .  S ince  the a v e r a g e  p in- to-case  r e z J i n g s  w e r e  lower  in  a l l  c a s e s ,  
only those  r ead ings  w e r e  used  for  tabulat ion and c o m p a r i s o n  p u r p o s e s .  All 
IR m e a s u r e m e n t s  w e r e  m a d e  with a n  Indus t r i a l  I n s t r u m e n t  M e g o h m e t e r ,  
Model  L-7, S / N  11965. The  connec tors  tha t  w e r e  hea t - cyc led  w e r e  p l aced  
in a Del ta  Oven,  Model  1d60, Ser i a l  N u m b e r  1127. 

L i t t l e  o r  no adhes ion  
5070 to 7070 s e p a r a t i o n  
Some  s e p a r a t i o n  al lowed 
(3070 to 5070) 
Li t t l e  Sepa ra t ion  
(1070 to 30%) 
N o  Sepa ra t ion  (0%)  

2. 2 .  5 TABULATION OF RESULTS. S ince  m a n y  v a r i a b l e s  w e r e  p r e -  
s e n t ,  e m p i r i c  evaluat ion methods  w e r e  used .  By  th is  me thod  n u m e r i c a l  
va lues  could be a s s igned ,  and w e r e  used to c o m p a r e  c u r e  e n v i r o n m e n t  to 
c u r e  t ime ,  compound to c u r e  envi ronment ,  and compound to compound.  

The  96-hour  IR read ings  were  plot ted on  60-d iv is ion ,  3 - c y c l e ,  s emi log  
p a p e r .  The  tangent  of the s lope  w a s  ca lcu la ted  to give c o m p a r a t i v e  va lue .  
T h e s e  va lues  w e r e  u s e d  as  an index of IR degenera t ion .  

The  s m o o t h n e s s  of the  su r face  and  the a b s e n c e  of voids w e r e  noted as 
fulf i l l ing the  r e q u i r e m e n t  of the specif icat ion on sea l ing  compounds .  S imple  
p e r c e n t a g e s  w e r e  a s s i g n e d  to a r r i v e  a t  a n  evaluat ion.  

For a n  eva lua t ion  of gene ra l  adhes ion ,  and adhes ion  to w i r e s ,  s h e l l  and  
i n s e r t ,  the a m o u n t  and  d e g r e e  of adhes ion  i s  r a t e d  in  Table 2 -  1. Also r e f e r  
to T a b l e s  A - 7  through A-10. 

TABLE 2 -  1. ADHESION EVALUATIONS 

1 
2 
3 

' 4  

5 

2 - 3  
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Pot t ing  Compound A v e r a g e  H a r d n e s s  (Shore  A) 
Churchi l l  3 c - 7 3 7  34.0 I 
P r o d u c t s  R e s e a r c h  PR-1538 31.7 
C h e m  Sea l  CS-3501 26.5 
C o a s t  P r o s e a l  777 16.0 

SUMMARY 

3 . 1  MECHANICAL CHARACTERISTICS 

3 .  1.  1 VISCOSITY. Af te r  thawing o r  mixing ,  the v iscos i ty  of each  of 
the compounds  with a RVF-7  Brookfield V i s c o m e t e r  with a N u m b e r 6  spindle .  
The  v iscos i ty  r anged  f r o m  Produc t s  R e s e a r c h  P R - I 5 3 8  ( 2 ,  340 cent ipoise)  to 
C o a s t  P r o s e a l  777  (360 cent ipoise) .  
cos i ty  m e a s u r e m e n t s  w e r e  c o m p a r e d  with the findings of voids in  the con-  
n e c t o r s ,  P roduc tb  R e s e a r c h  PR-1538 had the h ighes t  v i scos i ty  and the l e a s t  
n u m b e r  of voids of the polyurethanes while Coas t  P r o s e a l  777  had the lowes t  
v i scos i ty  and  the h ighes t  number  of voids .  I t  can  only be concluded that  
t h e r e  i s  l i t t l e  d i r e c t  re la t ionship  between low v iscos i ty  and  lack of voids .  

Re fe rence  Table  A-1.  When the v i s -  

3.  1 .  2 HARDNESS. The  m e a s u r e m e n t s  of the f la t  s p e c i m e n s  ind ica ted  
c l e a r  t r e n d s  concern ing  the effects  of the va r ious  env i ronmen t s  on h a r d n e s s .  
T h e  a v e r a g e  r e a d i n g s  f o r  a l l  compounds fo r  168 h o u r s  showed a Shore  A 
h a r d n e s s  of 12.5 f o r  the 55°F/90%RH c u r e ,  a h a r d n e s s  reading  of 22.5 f o r  
the 70°F/55%RH c u r e ,  and  a ha rdness  reading  of 35.0 f o r  the 9O0F/20’$oRFi 
c u r e .  T r a n s l a t e d  into shop  producibi l i ty ,  to r e a c h  a Shore  A h a r d n e s s  of 
30 ,  a c u r e  of 52 h o u r s  at 90°F will be r e q u i r e d ;  but a t  55OF/9O%RRH, a c u r e  
of 132 h o u r s  ( f ive  a n d  one-half  days )  wil l  be r e q u i r e d  to obtain the s a m e  
h a r d n e s s .  T i m e  was  a l s v  
a s igni f icant  f a c t o r .  A c u r e  of 2 4  h o u r s  gave an  a v e r a g e  Shore  A reading  of 
9.4,  48 h o u r s  gave a n  a v e r a g e  reading  of 17.0,  96 h o u r s  g a v e  arr a v e r a g e  
reading  of 33.3, and 168 hour s  gave a n  a v e r a g e  reading  of 42.2.  It i s w o r t h  
noting tha t  within the f i r s t  24 h o u r s ,  r ead ings  could be obtained only on 
Church i l l  3 6 - 7 3 7  in a l l  t h r e e  c u r e  env i ronmen t s ;  and  on P r o d u c t s  R e s e a r c h  
P R - 1 5 3 8  in  the 90°F c u r e  only.  Compounds  r a t e d  by the i r  individual o v e r -  
all h a r d n e s s  a v e r a g e s  a p p e a r  in Table  3 - 1 .  

R e f e r  to Table  A - 3  and F i g u r e s  1 - 2  through 1 -5 .  

T A B L E  3 -  1 .  POTTING COMPOUND INDIVIDUAL OVER-ALL 
HARDNESS AVERAGES 

~~ - 

F o r  individual compounds  Churchi l l  3C-737,  
a Shore  A h a r d n e s s  reading  of 15 at 24 h o u r s ,  i n  all t h r e e  c u r e  environmer:ts. 

the polysulf ide had c u r e d  to 

3 -  1 
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B y  48 h o u r s  the  c u r i n g  had  a l m o s t  stopped a t  a reading  oi 30 and  tended  to  
l e v e l  off within a n a r r o w  r a n g e  f o r  a l l  t h ree  s p e c i m e n s .  

The  m o s t  s e n s i t i v e  compound to the v a r i o u s  c u r e  environmr.nts w a s  
* P r o d u c t s  R e s e a r c h  PR-1538 .  I t  w a s  the only polyure thane  to r e a c h  a h a r d -  

n e s s  r r a d i n g  of 35  within the f i r s t  24 h o u r s  of the 90°F c u r e .  
a reading  of 67 a t  the  end  of 168 h o u r s ,  the h ighes t  reading  in t h c .  t e s t .  

I t  a l s o  r e a c h e d  

C h e m  Seal CS-3501 was  a s o f t e r  and m o r e  t r a n s p a r e n t  po lyure thane  
than the P r o d u c t s  R e s e a r c h  P R -  1538, and showed m o r e  of a n  aff ini ty  for 
m o i s t u r e  which r e s u l t e d  in the format ion  of bubbles  i n  the 5S0F/90%RH c u r e .  
T h e  m a t e r i a l  had f in i shed  c u r i n g  in the 90°F c u r e  env i ronmen t  by  96 h o u r s .  
C o a s t  P r o s e a l  777 did not give a reading a t  any  t e m p e r a t u r e - c u r e  C Y C ~ C >  

unt i l  48 h o u r s ,  and  then only in the  9O0F c u r e .  
s p e c i m e n s  w e r e  s t i l l  tacky.  
of the b i s e c t e d  c o n n e c t o r s .  
t u r e  in the  55"F c u r e  s i n c e  bubbles  w e r e  p r e s e n t  in n e a r l y  all of t he  low 
t e m p e r a t u r e  -high humidi ty  s p e c i m e n s .  

The  o t h e r  C o a s t  P r o s e a l  777  
T h i s  observa t ion  w a s  ve r i f i ed  by examinat ion  

The  m a t e r i a l  a l s o  showed a n  aff ini ty  f o r  m o i s -  

3 .  1 .  3 PEEL STRENGTH.  T h e  peel s p e c i m e n s  rc.vca1c.d l i t t l e  of \-(ilut.. 
T h e  s p e c i m e n s  w e r e  poor ly  p r e p a r e d  and the  r e s u l t s  v a r i e d  wldcly.  
to  Tab le  A - 2 .  

Kef(>r  

3 . 2  E L E C T R l C A L  CHARACTERLSTICS 

3 .  2 .  1 RESISTANCE READINGS. T h e  24-  and  48-hour  insulat ion r e -  
s i s t a n c e  r e a d i n g s  w e r e  widely s c a t t e r e d  and  showed l i t t l e  < o n s i s t c b n c y .  T h e s e  
w e r e  d i s c a r d e d  as  being of l i t t l e  value.  T h i s  could ind ica t e  thdt the ;>otting 
compounds  did nut s t ab i l i ze  
A - 4  and  A - 5 .  

dur ing  s h o r t  c u r e  pt.riods. R r f e r  to  Tables  

Tht. 96 - h o u r  IR r e a d i n g s  showed c o n s i s t c n t  t r e n d s  that coulci b e  plot ted 
The  tangent  of the hngle bas  c a l c u l a t e d  a n d  u s e d  to e s t a b l i s h  c o m p a r i s o n s .  

for e a c h  s p e c i m e n  a n d  the  r e l a t ive  1R l o s s  w a s  based on a s c a l e  of 0.0 to 1.0. 
Re fe r  to F i g u r e s  1 - 6  through 1-8 .  When g rouped  by t e m p e r a t u r e  c u r e  the 
v a l u e s  w e r e  a s  follows: 

a. 9 0 ° F / 2 0 0 / o R ~ ~  Average  8 = 0.2016 
b.  7O0F/  507oRfI A v e r a g e  8 = 0.3547 
C. sS°F/900JRH A v e r a g e  8 = 0.4291 

When g rouped  b y  compounds (Refer  to F i g t i r e s  1-9  through 1 - 1 2 )  the 
v a l u e s  w e r e  as follows: 

a. P r o d u c t s  R e s e a r c h  P R -  1538 Average  0 z 0.0871 
0 b.  C h e m  S e a l  CS-3  50 1 Average  0 = O.lSd2 

3 - 2  
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Compound 

P r o d u c t  R e s e a r c h  P R -  1538 
C h e m  S e a l  CS-3501 
C o a s t  P r o s e a l  777 
C h u r c h i l l  3 c - 7 3 7  

c .  C o a s t  P r o s e a l  777 
d.  Church i l l  3 6 - 7 3 7  

Adhesion 
Smoothness  Voids (YO) A v e r a g e  Rating 

8370 
6170 
4270 4 570 
4 770 2 .40  

--- 

Average  6 = 0.2400 
A v e r a g e  0 = 0.8767 

Compound S m o o t h n e s s  Voids ( T o )  

P r o d u c t  R e s e a r c h  P R -  1538 9370 0 Yo 
C h e m  S e a l  CS-3501 63% 4070 
C o a s t  P r o s e a l  777 4070 2970 
Church i l l  3 c - 7 3 7  4370 5370 

3. 2. 2 HEAT CYCLE READINGS. The  h e a t - c y c l e  r e a d i n g s  ind ica ted  
e x t r e m e  IR l o s s  during the h e a t  to a n  a v e r a g e  r ead ing  of 9 to 20  m e g o h m s .  
A f t e r  cooling a r e c h e c k  showed that a l l  c o n n e c t o r s  r e c o v e r e d  to within 10 
p e r c e n t  of the o r ig ina l  reading ,  except  Churchi l l  3C-737 which e x c e e d e d  the 
o r ig ina l  r e a d i n g s  in  e v e r y  c a s e .  
ind ica ted  puffing. R e f e r  to Tab le s  A-4,  A-5 and  A-6. 

All  of the Churchi l l  3 6 - 7 3 7  s p e c i m e n 8  

3 Ad h e s i o 11 
A v e r a g e  Rat in  1 

3 . 3 0  
3.03 
2.86 
2.49 

i 

3 . 3  PHYSICAL CHARACTERISTICS 

3. 3. 1 CURE ENVIRONMENTS. P h y s i c a l  c h a r a c t e r i s t i c s  such  as ad -  
hes ion  r a t e d  h ighes t  (2 .97)  in the 55OF c u r e  cyc le  based  on  o v e r - a l l  a v e r a g e s .  
They  r a t e d  lowes t  ( 2 . 7 8 )  in  the 90°F c u r e  cyc le .  
s e r t s  i n c r e a s e d  s l ight ly  i n  the 90°F c u r e  cyc le  but adhesior,  to she l l  de -  
c r e a s e d .  R e f e r  to Tab le  A-7 .  P h y s i c a l  c h a r a c t e r i s t i c s  such  as  s m o o t h -  
n e s s  a n d  l a c k  of voids r a t e d  highest  (65 p e r c e n t )  i n  the 90°F C u r e .  R e f e r  to 
T a b l e  A-7. S e e  T a b l e  3-2  f o r  the compounds’  phys ica l  c h a r a c t e r i s t i c s  as  
they a r e  r a n k e d  by c u r e  env i ronmen t s .  Also  r e f e r  to Tab le  A-9 .  

Adhesion to w i r e s  and  in-  

T A B L E  3-2.  COMPOUND CURE ENVIRONMENT R A N K I N G  

3 . 3 .  2 CURE TIMES. P h y s i c a l  c h a r a c t e r i s t i c s  showed a pecul ia r  pa t -  
t e r n  with t i m e .  Bubb les ,  voids,  a n d  rough s u r f a c e s  d e c r e a s e d  as  c u r e  timv 
i n c r e a s e d .  The  a v e r a g e  rat ing of a l l  adhes ion  c h a r a c t e r i s t i c s  d e c r e a s e d  as  
t i m e  i n c r e a s e d .  
times. Al so  r e f e r  .to Tab le  A-10. 

S e e  Tab le  3-3 f o r  phys ica l  c h a r a c t e r i s t i c s  r a n k e d  by c u r e  

T A B L E  3 - 3 .  COMPOUND CURE TIME RANKING 

3 - 3  
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Compound Pee l  S t rength  t 
Right C e n t e r  Left  

0 

0 

C h e m  Seal CS-3501 
P r o d u c t s  R e s e a r c h  P R -  1538 
C o a s t  P r o s e a l  
C h u r c h i l l  3 6 - 7 3 7  

TABLE A- 1 .  VISCOSITY MEASUREMENTS OF POTTING COMPOUNDS 

10 lbs  20 lbs  7 lbs  j 
2 5  lbs 17 lbs 2 l b s  
17 l b s  10 l b s  20 l b s  
25  Ibs 3 4  l b s  10 lbs 

Compound 

C o a s t  P r o s e a l  777 
(Thawed  i n  H20 a t  37OC f o r  
30 m i n )  

C h e m  S e a l  CS-3501 
(Thawed  in a i r  30 min  & 

H20 a t  35OC f o r  2 2  m i n )  

P r o d u c t s  R e s e a r c h  P R -  153B 
(Tham,ed i n  130OF o v e r  

30 m i n )  

Churchi l l  3C-737 

3 4 , 0 0 0 ,  3 5 , 0 0 0 ,  4 0 , 0 0 0  
Average  36, 000 c p  ( cen t ipo i sc )  

128 ,  000,  
Average  134 ,000  c p  

141,  000  Off s c a l e  cp  

188,000,  2 8 0 , 0 0 0  Off scale  c p  
Average  234 ,000  c p  

175, 000, 1 7 5 , 0 0 0  Off scale c p  
Average  175,  000 c p  

i Equipment :  N u m b e r  6 spindle  in  R V F - 7  Brookf ie ld  V i s c o m e t e r  

-I. _ _ _ _ ~  -~ 

A - 2  
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TABLE A-3 ,  HARDNESS VS CURE TIME 

T i m e  C u r e  Cycle  
5 5OF Ambient  90°F 

24 Hour  Read ings  
C h e m  Seat  CS-3501 NR 
P r o d u c t s  R e s e a r c h  P R -  1538 NR 
C o a s t  P r o s e a t  777 NR 
Church i  t l  3C-  73 7 15 

NR 5 
NR 35 
NR NR 
21 35 

24 Hour  Shore  A A v e r a g e  = 9.25 

48 H o u r  Read ings  
~~ 

C h e m  S e a t  CS-3501 5 
P r o d u c t s  R e s e a r c h  P R -  1538 5 
C o a s t  P r o s e a t  777 NR 
C h u r c h i l l  3C-737 33 

7 L O  
13 47 

NR 4 
32 37 

48 Hour  Shore  A A v e r a g e  = 16.9 

96 H o u r  Read ings  
C h e m  Seat  CS-3501 26 
P r o d u c t s  R e s e a r c h  P R -  1538 15 
C o a s t  P r o s e a l  777 7 ::: 
Church i l l  3C-737 41 

32  48 
38 63 
23  2 7  
38 42 

96 H o u r  Shore  A A v e r a g e  = 33.3 

168 H o u r  Read ings  
C h e m  S e a l  CS-3501 35 
P r o d u c t s  R e s e a r c h  P R -  1538 46 
C o a s t  P r o s e a l  777 32 
C h u r c h i l l  3C-737 40 

168 H o u r  S h o r e  A A v e r a g e  = 42.2 

33 48 

36 43 
34 40 

52 \ 67 

55OF S h o r e  A A v e r a g e  = 9.3 
Ambien t  S h o r e  A A v e r a g e  = 22.5 
90°F S h o r e  A A v e r a g e  = 35.0 

)::( 15 on skin) 
N R  - No r e a d i n g  
Equ ipmen t  u s e d :  S h o r e  A D u r o m e t e r  

A- 3 
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